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57) ABSTRACT

An extremely short channel Field Effect Transistor
(FET) is made by making a first ion implant through a
polysilicon mask aperture, converting the surface of the
polysilicon into Si0;, to constrict the aperture size and
then making a second ion implant of the opposite type
impurity through the constricted aperture. The SiO,
growth effectively moves the edge of the mask by a
small controlled distance. This permits a small con-
trolled spacing between the two ion implants, which is
used for defining an extremely short FET channel
Alternatively, a bipolar transistor with a narrow base
zone can be made by analogous processing.

6 Claims, 5 Drawing Figures

PHOSPHORU M !V

e
-_L-_ T

—\

|7
18

P

17
17 0



U.S. Patent July 26, 1977 4,038,107

| . 12
U

Fl1G, / 10

Fl6. 44

Fl6. 48




4,038,107

METHOD FOR MAKING TRANSISTOR
STRUCTURES

BACKGROUND OF THE INVENTION

This invention relates to methods for making transis- .

tor structures, and more particularly, to methods for
making transistors having impurity regions separated by
extremely small lateral distances.
- Because of its ease of fabrication, the field effect tran-
sistor (FET) is finding widespread use in integrated
circuit technology. The most common FET i1s one using
source and drain regions on the surface of a silicon
wafer separated by a channel region through which
current is controlled by a gate electrode overlying the
channel region and insulated from it by a thin layer of
silicon dioxide. These devices lend themselves to large

scale integrated circuit fabrication techniques because.

all of the source and drain regions can be made by si-
multaneous impurity diffusions or ion-implantations,

and relatively large packing densities can be achieved.

One drawback is that their electronic speed of operation
18 limited by the difficulty of making a short channel
over which a gate electrode can be accurately regis-

tered. |
A device that is structurally related to the FET is the

lateral bipolar transistor in which emitter and collector
regions -on the surface of a wafer are separated by a
short base region. The applicability of these devices is
limited by the difficulty in making a sufficiently short
base region on the surface of the wafer.

SUMMARY OF THE INVENTION

An extremely short channel FET is made by making
-a first ion implant through a polysilicon mask aperture,
converting the surface of the polysilicon into 810, to
constrict the aperture size and then making a second ion
implant of the opposite type impurity through the con-
stricted aperture. The SiO, growth effectively moves
the edge of the mask by a small controlled distance.
This permits a small controlled spacing between the
two ion mmplants which is used for defining an ex-
tremely short FET channel. Alternatively a bipolar
transistor with a narrow base zone can be made by

analogous processing.
For example, the first 10n implant may be of p-

matertal which penetrates through a thin n-type layer
on a substrate surface. The second ion implant may be
of n-type material which is separated by an extremely
short distance from the original n-layer by the p-region.
This extremely short p-type separation between regions
of n-type conductivity may constitute either a very
short channel of a FET or a short base region of a bipo-

lar transistor.

- Other objects, features and advantages of the inven-
tion will be better understood from a consideration of
the following detailed description taken in conjunction

- with the accompanying drawing.

BRIEF DESCRIPTION OF THE DRAWING

FI1GS. 1-3 are schematic sectional views of a semi-
conductor wafer illustrating various steps in the fabrica-
tion of a transistor in accordance with an illustrative
embodiment of the invention:

F1G. 4A illustrate an FET transistor structure in
accordance with an illustrative embodiment of the in-
vention; and
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2._
FIG. 4B illustrates a lateral bipolar transistor struc-
ture in accordance with an illustrative embodiment of

the invention.

DETAILED DESCRIPTION

FIGS. 1-3 illustrate a process for making an FET
having a relatively short channel length in accordance
with an illustrative embodiment of the invention. Refer-
ring now to FIG. 1, a thin layer of n-type conductivity
11 is selectively formed in a p-type silicon semiconduc-
tor substrate 10, as by diffusion, using a layer 12 of
silicon dioxide with an aperture therein as a mask in a
manner well known in the art. Referring now to FIG. 2
the oxide layer 12 is then removed and a thin oxide layer
13, (to be used as the gate oxide layer) is thermally
grown on the wafer 10.

Next, a relatively thick layer 18 of polysilicon is de-
posited over all but a central portion of the transistor
location. This can be achieved either by a uniform de-
posit and a subsequent removal of a central portion or
by limiting the initial deposition to exclude a central
portion. Either of these techniques are well known In
the art. The purpose of the polysilicon layer 15 is to
constitute an ion implant mask having a central aperture
16; as such, layer 15 is of sufficient thickness to preclude
penetration of the implanted ions as is known in the art.

Next, p-type impurities, such as boron ions, are 1m-
planted through the aperture 16 and through the gate
oxide to form a p-layer 17 in the substrate adjacent to
layer 11. Ion implantation 1s a process well understood
in the art. The boron ions are projected by appropriate
apparatus toward the wafer as shown by the arrows,
and penetrate the gate oxide layer 13, and form the layer
17 which is of highly controllable thickness and has a
controllable carrier concentration profile. The layer 17
is formed so as to be thicker than layer 11 and is suffi-
ciently doped with p-type impurities to convert the
portion of layer 11 encompassed to a p-type region.

Referring to FIG. 3, the polysilicon layer 13 is next at
least partially oxidized to form thereover a silicon diox-
ide layer 19. In the process of oxidizing the exposed
surface of the polysilicon layer, the aperture 16 is effec-
tively constricted. This is because for every 0.45 micron
of silicon oxidized, a one micron layer of S10;is formed.
Thus, the sum of the thicknesses of layers 15 and 19 of
FIG. 3 is slightly greater than the total thickness of
layer 15 of FIG. 2, and consequently aperture 16 is
constricted. Accordingly by controlling the extent of
oxidation there is accurately controlled the change in
size of the mask opening.

Next, an n-type layer 18 is formed in p-type layer 17
by ion implantation of an appropriate impurity such as
phosphorous. Because the edge of oxide layer 19 1s

removed from the edge of the polysilicon layer 15, the
edge of the n-type layer 18 is removed from n-region 11

and is separated from region 1 by a small portion of
p-region 17 which is illustrated as 17°. This narrow
p-type separation 17° eventually constitutes an ex-
tremely short channel of a FET to separate source and
drain regions. Thus, n-type regions 18 and 11 may con-
stitute the drain and source of an MOS-type FET which
has an extremely short p-type channel region 17°. Alter-
natively, region 18, 17’ and 11 may respectively consti-
tute the emitter, base and collector of an n-p-n-type
lateral bipolar transistor. In the bipolar transistor alter-
native, one would ordinarily omit the initial step of
forming the gate oxide layer 13,
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It normally is important after the ion implantation to
anneal the wafer to repair the damage to the crystal
lattice and to move the implanted ions from interstitial
positions to substitutional positions to increase their
electrical activity. Also it is feasible when desired to
provide some diffusion of the implanted ions deeper
into the wafer if desired by appropriate heating.

Referring now the FIG. 4A there is illustrated the
basic structure of FIG. 3 with electrical contacts 20 and
22 made to n-type regions 11 and 18 respectively, and
electrical contact 24 made above the oxide layer 13 over

-type region 17°. Contacts 20 and 22 serve as the drain
and source contacts and the contact 24 serves as the
gate contact. As such the structure of F1IG.4A1sa FET
commonly denoted as an n-channel MOS transistor.

Referring now to FIG. 4B there 1s illustrated the basic
structure of FIG. 3 (without oxide layer 13) with elec-
trical contacts 26 and 28 made to the n-type regions 18
and 11 respectively. Contacts 26 and 28 serve as the
emitter and collector contacts of an n-p-n-type lateral
bipolar junction transistor. The p-type substrate 17
(which is electrically connected to 17) can be contacted
from below (not illustrated) or a surface portion of
region 10, which is electrically connected to region 17,
can be contacted as illustrated by contact 30. This
contact to region 10 serves as the base contact of the
Jateral bipolar junction transistor.

From the foregoing, it can be appreciated that fabri-
cation of the device is amenable to integrated circuit
techniques and that numerous extremely high-speed
transistors can be simultaneously formed. For example,
oxidizing the polysilicon to form an S10; layer 19 two
microns thick necessarily moves the edge of aperture 16
from location A to location B, a distance of approxi-
mately 1.1 microns (this can be appreciated by recalling
that each micron growth of oxide consumes 0.43 mi-
crons of polysilicon). Since the controlled thermal oxi-
dation of silicon is the subject of a well developed and
well known technique in the integrated circuit industry,
it can be performed simultaneously with greater preci-
sion on numerous transistor locations located on a num-
ber of wafers as is well understood in the art.

It can be appreciated that although polycrystalline
silicon normally will be preferred for use as the mask, it
will be feasible to employ other materials having the
requisite properties particularly the ability to be oxi-
dized or otherwise chemically treated to permit con-
trolled surface growth whereby apertures therein can
be controllably constricted.

The foregoing is to be considered merely illustrative
of the inventive concepts. Materials other than silicon
as the semiconductor can be used as could other con-
ductivities and implant processes. While ion implanta-
tion has been used for the localized introduction of
impurities into the semiconductor for defining the chan-
nel or base regions, it should be apparent that other
techniques such as diffusion may be employed. How-
ever when diffusion is used, it should be recognized that
the use of polycrystalline silicon as the mask poses prob-
lems since such mask will tend to be oxidized during the
diffusion. In such instances, it may be particularly ad-
vantageous to employ for use as the mask a material
which is more stable at normal diffusion temperatures.
Various other embodiments and modifications may be
made by those skilled in the art without departing from
the spirit and scope of the invention.

What is claimed 1s:
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1. In a method for making at least one semiconductor
device having a first impurity region removed a short
lateral distance from a second impurity region, the im-
provement CHARACTERIZED BY forming over the
semiconductor substrate a mask having an opening hav-
ing a first vertical edge; controllably decreasing the
opening in the mask thereby to define a second vertical
edge laterally removed a controlled distance from the
location of the first edge; using the first edge to define
the location of the first impurity region in the substrate;
and using the second edge to define the location of the
second impurity region.

2. The method of claim 1 wherein:

the step of decreasing the opening in the mask com-

prises the step of oxidizing the exposed surface of
the mask.

3. The method of claim 2 wherein:

the step of using the first edge to define the location of

the first impurity region comprises the step of ion
implanting a first impurity through the opening in
the mask; and the step of using the second edge to
define the location of the second impurity region
comprises the step of ion implanting a second impu-
rity through the opening in the mask after the mask
has been oxidized. -

4. Method of claim 3 wherein the mask is silicon and
the step of controllably decreasing the opening in the
mask comprises the step of exposing the mask to an
oxygenated atmosphere and heating so as to convert
part of the silicon mask to silicon dioxide by thermal
oxidation.

5. A method for making at least one semiconductor
device having two impurity regions which are spaced
from one another by a short lateral distance comprising
the steps of:

forming in a semiconductor substrate of a first con-

ductivity type a first region of the opposite conduc-
tivity type;

forming over the substrate a mask having an opening

therethrough which has a first vertical edge which
overlies a portion of the first region;
using the first vertical edge of the mask to define the
location of a second region in the substrate which 1s
of the same conductivity type as the substrate and
extends through the first region to the substrate;

controllably decreasing the opening in the mask to
define a second vertical edge laterally removed a
controlled distance from the location of the first
vertical edge; and

using the second edge of the mask to define the loca-

tion of a third region in the substrate which is
wholly confined within the second region and is of
the same conductivity type as the first region.

6. The method of claim § wherein:

the mask is silicon and the step of controllably de-

creasing the opening in the mask comprises the step
of exposing the mask to an oxygenated atmosphere
and heating so as to convert part of the silicon mask
to silicon dioxide by thermal oxidation;

the step of using the first edge to define the location of

the first impurity region comprises the step of 1on
implanting a first impurity region through the open-
ing in the mask; and

the step of using the second edge to define the loca-

tion of the second impurity region comprises the
step of ion implanting a second impurity region
through the opening in the mask after the mask has

been oxidized.
x* W % x *
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[57] ABSTRACT

An extremely short channel Field Effect Transistor
(FET) is made by making a first ion implant through a
polysilicon mask aperture, converting the surface of the
polysilicon into SiO; to constrict the aperture size and
then making a second ion implant of the opposite type
impurity through the constricted aperture. The S10;
growth effectively moves the edge of the mask by a
small controlled distance. This permits a small con-
trolled spacing between the two ion implants, which is
used for defining an extremely short FET channel.
Alternatively, a bipolar transistor with a narrow base
zone can be made by analogous processing.
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AS A RESULT OF REEXAMINATION, IT HAS
REEXAMINATION CERTIFICATE BEEN DETERMINED THAT:

ISSUED UNDER 35 U.S.C. 307

The patentability of claims 2-6 is confirmed.

THE PATENT 1S HEREBY AMENDED AS
INDICATED BELOW.

Claimr 1 is cancelled.
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